Industry observations indicate that a proportion of shell eggs exhibit an uncharacteristic spreading of the thin albumen when they are broken-out for fast-food preparation. Because the height and characteristics of the thick albumen are unaffected, the eggs are classified as Grade A. Preliminary observations discounted effects of egg storage or contaminated feed. Two experiments were conducted with Leghorn hens over a full laying cycle, and involved different levels of protein (14, 16, 18, or 20%) and associated amino acids, or different degrees of acid-base balance (150, 200, 250, or 300 mEq/kg). In each trial, treatments were represented by eight replicate groups of four adjacently and individually caged birds. Diet treatment had some effects on conventional production parameters, although there were no major effects on the area of the thin albumen produced when eggs were broken out. In Experiment 1, birds fed the highest level of protein produced eggs with the smallest thin albumen area; however, there was considerable bird to bird variation with thin albumen area varying from 69 to 122 cm 2 . Ten birds with compact (× 69 cm 2 ) and 10 birds with spreading thin albumen (× 112 cm 2 ) were inseminated with semen from a single, unrelated rooster. Offspring from these hens had significantly (P < 0.01) different thin albumen characteristics corresponding to those of their dams. Offspring producing eggs with the spreading thin albumen had the thickest eggshells as assessed by deformation measurement (P < 0.05). It is proposed that the excessively large spreading thin albumen area is caused by eggs spending more time in the shell gland.
INTRODUCTION
Discussion on albumen quality invariably centers on characteristics of the thick albumen. The height of the thick albumen is commonly used in egg grading schemes, and this value in relation to egg weight is the basis of the Haugh unit, which is often used to quantify internal egg quality. Egg albumen is, however, composed of so called "thick" and "thin" components, and there seems to be virtually no information available on characteristics of this thin albumen.
Over the last 2 yr in Ontario, there have been complaints concerning the characteristics of the thin albumen. Problem eggs have a thin albumen that quickly spreads when the egg is broken onto a flat surface, and consequently most complaints are coming from the fast-food industry that prepares eggs on flat grills. Interestingly, all such eggs are classified as Canada Grade A, because the thick albumen is normal and the Haugh unit value is high. Figure 1 shows examples of a normal egg and one with the spreading thin albumen. Within commercial flocks, the occurrence is up to 5% within all weight categories. Problems with albumen quality are most usually associated with storage change (Sills, 1974; Sauveur, 1976) , because over time pH changes in the thick albumen cause changes in the characteristics of proteins and the classical loss in Haugh unit over time is observed. The current problem is not associated with storage, because spreading thin albumen is observed in eggs immediately after laying, and there is no relationship between severity of thin albumen spreading and storage conditions. We have also seen the problem in four commercial Leghorn strains maintained at the University and in six experimental strains, all at approximately the same frequency.
Because storage conditions and bird strain per se do not seem to be contributing factors, we carried out two initial studies involving various diet treatments, and then subsequently conducted pilot studies involving selection for or against thin albumen quality.
MATERIALS AND METHODS
Two nutritional studies were carried out involving protein or amino acid levels or anion-cation balance.
Experiment 1
One-hundred and twenty-eight, 17-wk-old Single Comb White Leghorn pullets of one commercial strain were randomly allocated to one of four treatment groups. Each treatment group was replicated eight times and each replicate consisted of four individually and adjacently caged birds fed as a group. Diet treatment consisted of protein levels in the diet. Treatments 1 through 4 were formulated to contain 14, 16, 18, and 20% crude protein, all at 2,850 kcal ME/kg, respectively (Table 1) . Birds were weighed individually prior to cage placement, consumed their diets ad libitum, and were subjected to 14 h of light throughout the trial. Bird performance was measured through 12, 28-d periods. Eggs were collected daily for a continuous measure of egg production. Feed intake was measured at the end of Periods 2, 4, 6, 8, 10, and 12. Eggs laid on the last 2 d of each measurement period were assessed for weight, eggshell deformation as a measure of eggshell quality, Haugh unit, and measurement of thin albumen area. To measure thin albumen area, a uniform paper was attached to the underside of a plexiglass tray as normally used for Haugh unit measurement. Eggs were individually broken onto the tray and albumen was allowed to spread for exactly 30 s. A tracing of the outer area of thin albumen was made on the paper, after which Haugh units were measured on the thick albumen. Tracings of thin albumen were converted to a measure of area.
Experiment 2
One-hundred and twenty-eight, 17-wk-old pullets of the same strain as used in Experiment 1 were randomly allocated to one of four treatment groups. Each treatment group was replicated eight times and each replicate consisted of four individually and adjacently caged birds fed as a group. Diet treatment consisted of level of electrolyte (acid-base) balance in the diet. Treatments 1 through 4 were formulated to contain 150, 200, 250, and 300 mEq/kg (Na + K -Cl), respectively ( Table 2) . Birds were weighed individually prior to cage placement, consumed their diets ad libitum, and were subjected to 14 h of light throughout the trial. Bird performance was measured throughout 12, 28-d periods. All other measurements were carried out exactly as in Experiment 1.
Experiment 3
Diet treatments used in Experiments 1 and 2 had no major effect on thin albumen characteristics. However, there was considerable bird to bird variation, with about 5% of the birds consistently showing extensive thin albumen spreading. It was decided to investigate the potential of a genetic component in this problem, and also to thoroughly test birds for presence of infectious bronchitis challenge. From within Experiments 1 and 2, regardless of diet treatment, the thin albumen characteristics of all birds were ranked, and the 10 birds with the most compact or most spreading thin albumen selected (Table  3) . These birds were removed to other individual cages and all birds fed Diet 2 (Table 1) . All birds were blood tested for presence of antibodies to infectious bronchitis. After 30 d, all birds were inseminated with diluted semen obtained from an individual, unrelated, Single Comb White Leghorn rooster. Birds were inseminated weekly, and eggs set for incubation starting 14 d after the initial insemination. Female offspring were grown to maturity using conventional management practices, and at 18 wk of age, all pullets transferred to individual laying cages and egg characteristics monitored for the next laying cycle.
Statistical Analysis
Experiments 1 and 2 were arranged as a completely randomized design in which the experimental unit was the four adjacently caged birds fed as a group. Data collected (i.e., performance data) and calculated (i.e., thin albumen area) for Experiments 1 and 2 were considered by a one-way analysis of variance procedure for treatment effects of level of dietary protein in Experiment 1 and treatments of milliequivalents per kilogram (of NA, K, and Cl, cation:anion balance) of diet in Experiment 2. Response variables examined were egg production, egg weight, eggshell deformation, feed intake, height of albumen (Haugh unit), and thin albumen area. Those response variables resulting in a significant F test were further analyzed using Duncan's multiple range test. Data in Experiment 3 were compared by t test, appropriate to the two levels of treatment classification.
RESULTS

Experiments 1 and 2
Few treatment effects were seen throughout the trials, and so only overall means for the 12 28-d periods are shown. Diet protein had a significant (P < 0.05) effect on the area of thin albumen (Table 4) . Birds fed 20% CP throughout the trial produced eggs with the most compact thin albumen area relative to birds fed 16 vs 18% CP; however, birds fed 14% CP had thin albumen area that was not different from that from birds in all other treatments. As expected, the increase in dietary protein resulted in an increase in egg weight, although there were no differences in egg weight for birds fed 16, 18, or 20% CP (P > 0.05, Table 4 ). There was no apparent relationship between egg size and thin albumen area. There was improvement (P < 0.01) in eggshell quality, as assessed by deformation, when protein was increased from 16 through 18 to 20% (P < 0.01, Table 4 ). Again, there was no apparent relationship between these changes in shell quality and thin albumen area. Diet acid-base balance ranging from 150 to 300 mEq/kg (Na + K -Cl) had no effect on thin albumen area in Experiment 2 (Table 5) . Birds fed a diet with 250 MEg/kg produced fewer eggs than did birds fed at 150 MEg/kg (P < 0.01, Table 5 ). Diet acid-base level had no effect on egg weight, shell deformation or thick albumen height (P > 0.05, Table 5 ). Birds fed 250 MEq/kg consumed less feed than did birds fed at 300 MEg/kg (P < 0.01, Table 5 ).
Experiment 3
Egg characteristics of offspring from dams selected within Experiments 1 and 2, based on extremes of thin albumen area, are shown in Table 6 . At all ages of egg collection, between 22 to 66 wk of age, eggs collected from hens whose dams had a large (spreading) thin albumen area, had themselves a significantly (P < 0.01) larger thin albumen area than hens whose dams were selected for compact thin albumen characteristics. Albumen characteristics of dams had no effect on egg weight of offspring (Table 6 ) and with one notable exception at 30 wk of age, there was no effect on total albumen (thick + thin) weight. Birds selected from dams with compact thin albumen consistently had higher thick albumens (Table 6) although this difference was significant (P < 0.01) only on eggs collected at 46 wk of age. After 22 wk of age, hens with spreading thin albumen produced eggs with superior shell quality as assessed by deformation, and this effect was significant (P < 0.05) at 30 and 46 wk of age. An ELISA testing for antibodies to infectious bronchitis showed no difference between the two groups, and all birds showed levels indicating no field challenge.
DISCUSSION
Changes in albumen quality are most often discussed in terms of storage time and conditions. Sills (1974) , for example, indicates thinning of the thick albumen when storage temperature is 18 C. Sauveur (1976) also suggests that changes in thick albumen composition can be affected by acid-base balance of the bird. During metabolic acidosis, there is increased thick albumen height, associated with increased divalent cation concentration, and that storage changes are associated with decline in pH or loss of cations. Egg storage conditions were one of the first factors studied when this problem arose, and this potential cause was quickly discounted. Regardless of storage conditions, the thin albumen problem seems quite novel. The major characteristic of this problem is therefore a spreading thin albumen associated with a normal and compact thick albumen. Studies on the effect of diet on albumen quality, have also centered on characteristics of the thick albumen. Robinson and Mosey (1975) indicated that the rate of thinning of thick albumen during storage with eggs from older birds could be reduced by feeding higher than normal levels of magnesium. Jensen and Maurice (1980) indicated that 10 ppm vanadium caused a reduction in Haugh unit (thick albumen measurement), but that this effect could be counteracted by adding chromium to the diet. These authors concluded that chromium may be an essential element for maintenance of albumen quality, although again this relates specifically to the thick albumen. Feeding diets deficient in various amino acids does seem to marginally reduce the yield of total albumen (Hussein and Harms, 1994) , although again there is no information available on protein or amino acid effects on thick vs thin albumin. In the current studies a wide range of protein and amino acid intakes had no major effect on characteristics of either thick or thin albumen.
There is surprisingly little information available on the formation of thin albumen in the oviduct. Thin albumen does contain less ovomucin than does thick albumen, and this may result as a consequence of "plumping" in the posterior isthmus or shell gland (Gilbert, 1971) . Gilbert (1971) suggests that folds in the oviduct cause the developing egg to rotate, and the mucin fibers within the chalaziferous layer subsequently form the chalazae. During the formation of the chalazae, liquid is squeezed from the albumen to form the inner thin white. However, it is the addition of 15 to 16 g of water in the shell gland (plumping) that gives rise to the main distinction between thick and thin albumen (Robinson, 1987) . Burmester et al. (1940) suggested that the quantity of fluid taken up in the shell gland is dependent on the time the egg spends in this region of the oviduct. If eggs spend longer in the shell gland, one would expect an associated better shell quality. This, in fact, did occur, as shown in Table 6 with the offspring from the selected dams. After 30 wk of age, birds producing the spreading thin albumen consistently had the best shell quality, as seen by lower deformation values. It is tempting to speculate therefore, that the thin albumen problem is a consequence of the egg spending longer in the shell gland. The thin albumen problem as described here may therefore be an undesirable correlated response to selection for improved shell quality.
